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[57] ABSTRACT 

An apparatus and a method for adjusting the optical axis 
of the electron microscope is disclosed, in which the 
convergence of the electron beam radiated on a speci 
men is adjusted by a radiation lens system, the optical 
axis of the electron beam is adjusted by electron beam 
de?ectors, the electron beam from the specimen is fo 
cused to form an enlarged image of the specimen in an 
image-forming lens system, and the enlarged image is 
displayed while at the same time detecting the electron 
beam quantity by a phosphor plate. The optical axis is 
set by controlling the electron beam de?ectors in a 
manner to maximize the electron beam quantity de 
tected by the phosphor plate. 

12 Claims, 5 Drawing Figures 
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APPARATUS AND METHOD FOR ADJUSTING 
OPTICAL AXIS OF ELECTRON MICROSCOPE 

The present invention relates to an apparatus and a 
method for adjusting the optical axis of the electron 
microscope, or more in particular to an apparatus and a 
method for adjusting the optical axis by controlling 
electron beam de?ectors to maximize the electron beam 
quantity captured by a phosphor plate. 

In conventional electron microscopes, a considerable 
change of the magni?cation causes a misalignment of 
the optical axes of the radiation lens system and the 
image-forming lens system so that the image under 
observation is darkened thereby to hamper the observa 
tion. Also, the optical axes are misaligned at the time of 
replacing the ?lament of the electron gun, similarly 
darkening the image and making the observation diffi 
cult. In order to prevent this inconvenience, the opera 
tor usually adjusts the optical axis by de?ecting the 
electron beam in such a manner as to obtain the bright 
est image under observation by means of electron beam 
de?ectors interposed between the specimen and the 
radiation lens system or between the electron gun and 
the radiation lens system. In the event that the optical 
axis is misaligned and the image is darkened to such a 
degree that the operator does not know in which direc 
tion the electron beam is to be de?ected with naked 
eyes, however, he makes it a rule to deflect the optical 
axis by trials and errors for timeconsuming adjustments. 

Accordingly, it is the object of the present invention 
to provide an apparatus and a method for adjusting the 
optical axis of the electron microscope automatically by 
saving the considerable time and labor which otherwise 
might be required in the troublesome operation of opti 
cal axis adjustment of the electron microscope. 
According to one aspect of the present invention, the 

electron beam is automatically de?ected and the optical 
axis is adjusted in such a manner as to obtain the bright 
est image constantly taking advantage of the fact that so 
long as the lens current of the radiation lens system is 
kept unchanged, the image under observation is bright 
est or the electron beam quantity on the phosphor plate 
is maximum when the optical axis of the radiation lens 
system is aligned with the optical axis of the image 
forming lens system. 
According to another aspect of the present invention, 

the optical axis is adjusted by automatically controlling 
the electron beam de?ectors in such a manner that the 
electron beam spot is radiated at the center of the phos 
phor plate always when the electron beam spot is radi 
ated on the specimen, in view of the fact that an en 
larged image of the electron beam in spot is formed at 
the center of the phosphor plate for image observation 
when the electron beam radiated on the specimen is 
minimized in radius, that is, the electron beam is re 
duced to a spot form by controlling the lens current of 
the radiation lens system. 
The above and other objects, features and advantages 

will be apparent from the following detailed description 
taken in conjunction with the accompanying drawings, 
in which: 
FIG. 1 is a diagram showing the construction of an 

embodiment of the present invention; 
FIG. 2 is a ?owchart for explaining the present inven 

tion; 
FIG. 3 is a diagram for complementing the explana 

tion of the present invention; 
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2 
FIG. 4 is a sectional view of the phosphor plate ac 

cording to the present invention; and 
FIG. 5 is a ?owchart for explaining the present inven 

tion. 

The construction according to an embodiment of the 
present invention is shown in FIG. 1. An electron beam 
2 produced from an electron gun I is condensed at a 
radiation lens system 4 and radiated on a specimen 5. In 
the process, the electron beam is de?ected by electron 
beam de?ectors 3a, 3b to align the optical axes of the 
radiation lens system 4 and the image-forming lens sys 
tem 6. The electron beam transmitted through the speci 
men 5 is enlarged by the image-forming lens system 6 
and forms an image on a phosphor plate 7. The phos 
phor plate 7 functions as an element for detecting the 
electron beam quantity at the same time. The electron 
beam radiated on the phosphor plate 7 is thus produced 
as a current from the phosphor plate 7 and ampli?ed by 
an amplifier 12 making up an exposure meter. The signal 
thus ampli?ed is added to the signal supplied from a 
microprocessor 8 through a D/A converter 10b and is 
applied to a comparator 11. The comparator 11 com 
pares the sum of these two signals with a reference 
voltage supplied from a reference voltage source 14 and 
produces a “higher”, “coincidence” or “lower” signal 
depending on the result of comparison. The micro 
processor 8 judges the output of the comparator 11 
through an interface 10a and applies a signal to the 
adder 13 via a D/A converter 10b in such a way that the 
output of the comparator 11 is the coincidence. The 
component parts are adjusted in such a manner that the 
output value of the microprocessor 8 applied to the 
D/A converter 10]) when the comparator 11 produces a 
coincidence signal represents the electron beam quan 
tity detected at the phosphor plate 7. The electron beam 
de?ectors 3a, 3b are controlled through the D/A con 
verters 9a, 9d respectively, and the radiation lens system 
3 and the image-forming lens system 6 are controlled 
through the D/A converters 9b, 9c and 9e to 9h respec 
tively, by the microprocessor 8. 

In connection with this con?guration, Fig. 2 shows a 
?owchart for adjusting the optical axes by controlling 
the electron beam de?ectors in such a manner that the 
image on the phosphor plate is brightest, that is, the 
electron beam quantity detected at the phosphor plate is 
maximum. The operation of the apparatus will be ex 
plained below with reference to the ?owchart of FIG. 
2. 

In FIG. 2, with the magni?cation of the image-form 
ing lens system 6 fixed to a given constant value, the 
lens current of the radiation lens system is changed to 
enlarge the radiation area of the electron beam at step 
21. Step 22 decides whether or not the electron beam is 
detected on the phosphor plate 7 as a result of enlarging 
the radiation area thereof. If the answer is “No”, the 
process is returned to step 21 in order to further enlarge 
the radiation area of the electron beam. If the answer at 
step 22 is “Yes”, the electron beam quantity 1,, on the 
phosphor plate is determined at step 23. This electron 
beam quantity represents an output value of the micro 
processor 8 applied to the D/A converter 10!) and is 
stored in the RAM contained in the microprocessor 8. 
Step 24 slightly increases the X-axis de?ection current 
applied to the electron beam de?ector 30 thereby to 
de?ect the electron beam along X axis by a predeter 
mined small amount. At step 25, the electron beam 
quantity l,,+1 radiated on the phosphor plate 7 at this 
time is determined, and at step 26, it is decided whether 
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or not the electron beam quantity 1,, is larger than I,,+1, 
that is, whether or not the electron beam quantity is 
reduced by the small de?ection along X axis. If it is 
decided that the electron beam quantity is increased, 
that is, it is decided that the answer is “No", the process 
is returned to step 23 for further de?ection in the same 
direction. If the answer is “Yes”, on the other hand, the 
electron beam quantity is maximum in the direction of 
negative X axis, so that step 27 stores the associated 
electron beam quantity I,,+1 as I," in the RAM. This 
process is followed by reducing the deflection current 
ofthe de?ector 3a for minute deflection along the direc 
tion of negative X axis at step 28. The resulting electron 
beam quantity Im+1 is determined at step 29, and it is 
decided whether or not the electron beam quantity Im is 
larger than Im+1 at step 30. In the event that the answer 
is “No”, the process is returned to step 27 for further 
movement in the direction of negative X axis. If the 
answer at step 30 is “Yes”, on the other hand, it means 
that the de?ection amount for the maximum electron 
beam quantity along X axis is successfully obtained. 
Then the process is performed for obtaining the de 

?ection amount representing the maximum electron 
beam quantity along the Y axis. First, step 31 performs 
the Y axis process, which is identical to the steps from 
23 up to 26 and will not be explained in detail again. 
Similarly, the process along the negative Y axis of step 
32 is identical to those from 27 to 30. Upon completion 
of step 32, the de?ection amount representing the maxi 
mum electron beam quantity on the phosphor plate at 
that time is obtained. Since the electron beam is en 
larged at step 21, however, the degree of alignment 
given by this de?ection amount is very rough. Step 33 
thus decides whether or not the electron beam is in spot 
form, and if the electron beam is not yet in spot form, 
step 34 changes the lens current of the radiation lens 
system 4 by a predetermined small amount in such a 
direction as to form an electron beam spot. The process 
is returned to step 23 for alignment along X and Y axes 
in the manner similar to the one mentioned above. The 
decision at step 33 is based on whether or not the cur 

" rent supplied to the radiation lens system 4 has reached 
to such a predetermined value as to provide a spot of a 
size not to damage the specimen or the phosphor plate. 
This predetermined value is obtained from experiments. 
If the answer at step 33 is “Yes”, the currents of the 
de?ectors for X and Y axes are held as they are, fol 
lowed by step 35 where the lens current of the radiation 
lens system is restored to predetermined condition. 

In the foregoing description of operation, it is impos 
sible to determine the proper de?ection amount in the 
event that the spot diameter 20 of the electron beam 2 
on the phosphor plate is small as compared with the 
diameter of the phosphor plate 7 for detecting the elec 
tron beam, that is, the magni?cation is small. This is by 
reason of the fact that as long as the spot of the electron 
beam is positioned on the phosphor plate, the electron 
beam quantity detected remains constant regardless of 
the de?ection. 
FIG. 4 shows a further development of the present 

invention by providing phosphor plate sections 70 to 7d 
doubling as an electron beam detector element in order 
to obviate the above-mentioned disadvantages. As 
shown in FIG. 4, a phosphor plate is divided into a 
plurality of concentric phosphor plate sections, and 
relays 15a to 15d are controlled by the microprocessor 
8 via the interface 10c thereby to change the area for 
detection of the electron beam. The operation of the 
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4 
apparatus using the phosphor plate sections doubling as 
a detector element such as this will be explained. 
Assume that the electron beam is radiated on the end 

phosphor plate section 7d in spot form. If the relay 15d 
alone is turned off by the microprocessor 8, the electron 
beam is detected only in the case where the electron 
beam spot is de?ected to the phosphor plates 7a to 70, 
thus making it possible to identify the direction of de 
?ection. With the detection area reduced, the de?ection 
amount of the electron beam is determined again in such 
a manner as to maximize the electron beam quantity 
according to the ?owchart of FIG. 2 as explained above 
and the resultant de?ection amount is applied to the 
electron beam de?ectors 3a and 3b. Similar procedures 
are repeatedly taken with progressively reduced detec 
tion area. When the electron beam is de?ected to such 
an extent as to permit the detection of the electron beam 
only by the phosphor plate 70, it means that the electron 
beam in spot form has reached the center of the phos 
phor plate, thus completing the adjustment of the opti 
cal axes. 
FIG. 5 is a ?owchart for optical axis adjustment to be 

performed on the basis of the con?guration shown in 
FIG. 4. This ?owchart permits the process of shorter 
processing time and higher accuracy. The operation 
will be explained below with reference to this ?ow 
chart. 

First, the lens current of the image-forming lens sys 
tem 6 is changed to reduce the magni?cation to less 
than several thousands at step 51. Once the magni?ca 
tion is reduced, the detection of the electron beam quan 
tity is always made possible by preventing the image to 
be formed on the phosphor plate from leaving the phos 
phor plate far away even if the optical axes are mis 
aligned to some degree. As a result, the electron beam is 
capable of being reduced to a spot form rapidly in the 
process of optical axis adjustment thereby to considera 
bly shorten the processing time of the microprocessor 
for optical axis adjustment. Since the optical axis adjust 
ment at low magni?cation is insufficient in accuracy, 
however, the optical axis adjustment with higher mag 
ni?cation is required. After the magni?cation reduction 
at step 51, the electron beam is enlarged until the radia 
tion of the electron beam on the phosphor plate is de 
tected at steps 52 and S3. The steps 52 and 53 thus corre 
spond to steps 21 and 22 in FIG. 2. Step 54 determines 
the deflection amount in a manner to maximize the 
electron beam quantity detected on the phosphor plate. 
The step 54 thus corresponds to steps 23 to 32 in FIG. 
2. Step 55 decides whether or not the electron beam is 
reduced to spot form and if the answer is “No”, step 56 
changes the lens current of the radiation lens system in 
such a direction as to reduce the electron beam to a 
spot. Steps 55 and 56 thus correspond to steps 33 and 34 
in FIG. 2. If the answer at step 55 is “Yes”, on the other 
hand, step 57 decreases the area of the phosphor plate 
for electron beam detection. When all the relays 15a to 
15d are turned on in FIG. 4, for instance, the relay 15d 
is turned off. Next, step 58 decides whether or not the 
area of the phosphor plate connected to the electron 
beam detector circuit is minimum, that is, whether or 
not only the relay 15a connected to the phosphor plate 
7a is turned on. If the answer is “No”, the process is 
returned to step 52 for optical axis adjustment with a 
narrower phosphor plate in a manner similar to the one 
mentioned above. If the answer at step 58 is “Yes”, by 
contrast, it means that the optical axis adjustment at low 
magni?cation is completed. In order to improve the 
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accuracy of optical axis adjustment, however, the opti 
cal axis adjustment with a higher magni?cation is neces 
sary. Step 59 decides whether or not the magni?cation 
of the apparatus is a predetermined high value, and if 
the answer is “No”, step 60 restores the detection area 
of the phosphor plate sections 7a to 7d to the maximum 
value while at the same time changing the lens current 
of the imageforming lens system to increase the magni? 
cation by a predetermined amount, followed by step 52 
for a similar optical axis adjustment. If the decision at 
step 59 is “Yes”, the step 61 sets the magni?cation and 
the lens current of the radiation lens system at a prede 
termined value so that the detection area of the phos 
phor plates is maximized again to complete the optical 
axis adjustment. The high magni?cation determined at 
step 59 is approximately several hundred thousands, for 
instance, and is such that the spot image of the electron 
beam produced through the radiation lens system 4 is 
suf?ciently contained in the screen. 

In the optical axis adjusting apparatus described 
above, the burning of the phosphor plates may be pre 
vented in adjusting operation by controlling the lens 
current of the radiation lens system in such a way that, 
in order to prevent the density of the electron beam 
quantity detected on the phosphor plates from exceed 
ing a predetermined value, a value obtained in advance 
by experiments is stored in the ROM of the microcom 
puter and is compared with the present radiation lens 
current to prevent the latter from exceeding the prede 
termined value. In the foregoing description of the 
invention, although only an example of algorism is ex 
plained for determining the de?ection amount of the 
electron beam for maximizing the electron beam quan 
tity detected on the phosphor plates, various other algo 
risms are of course available. As an example, the elec 
tron beam is scanned in two directions and during the 
scanning, the electron beam quantity associated with 
the present de?ection amount is determined from time 
to time to determine the de?ection amount for maximiz~ 
ing the electron beam quantity thus obtained. 
Although the embodiment of the present invention is 

described above with reference to the case using the 
comparator 11 as shown in FIG. 1, automatic optical 
axis adjustment is also possible by using only the ampli 
?er 12 and the A/D converter 1017 alone, in view of the 
fact that the ampli?er 12 making up an exposure meter, 
the D/A converter 10b, the adder 13, the reference 
voltage source 14, the comparator 11 and the interface 
100 are provided for the purpose of determining the 
electron beam quantity detected. 

Further, the phosphor plate sections shown in FIG. 4 
may be used in the manner mentioned below. 

In photographing a diffraction image, it is common 
practice to determine the exposure by experience since 
the main beam is much brighter than the other diffrac 
tion dots or image so that it is dif?cult to determine the 
proper exposure. By using the phosphor plate shown in 
FIG. 4, only the main beam is applied to the phosphor 
plate section 7a to turn off the relay 15a alone. As a 
result, the electron beam quantity detected on the phos 
phor plate lacks the main beam and therefore it is possi 
ble to set the exposure corresponding to the brightness 
of the other diffraction dots or image so that the other 
diffraction dots or image are also capable of being 
clearly photographed. Partial exposure setting of the 
image is also possible. 

It will be understood from the foregoing description 
that according to the present invention, a misalignment 
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6 
of the optical axes which may occur in the operation of 
the electron microscope is automatically adjusted with 
out consuming the time and labor for adjusting the 
deflection amount of the electron de?ector by the oper 
ator, thus greatly contributing to an improved operabil 
ity of the electron microscope. 
WHAT IS CLAIMED IS: 
1. An optical axis adjusting apparatus for the electron 

microscope, comprising: 
a radiation lens system for adjusting the convergence 

of the electron beam radiated on a specimen; 
electron beam de?ectors for adjusting the optical axis 

of said electron beam; 
an image-forming lens system for forming an en 

larged image of the specimen by focussing the 
electron beam from said specimen; 

a phosphor plate for displaying the enlarged image 
and detecting the electron beam quantity applied 
thereto; and 

adjusting means for setting the optical axis by con 
trolling said electron beam deflectors in a manner 
to maximize the electron beam quantity detected 
on said phosphor plate. 

2. An apparatus according to claim 1, wherein said 
adjusting means includes ?rst means for changing the 
current of the radiation lens system stepwise to reduce 
stepwise the diameter of the electron beam radiated on 
the specimen and second means for controlling said 
de?ectors in a manner to maximize the electron beam 
quantity detected by said phosphor plate in each of said 
steps. 

3. An apparatus according to claim 1, wherein said 
adjusting means further includes ?rst means for chang 
ing the magni?cation stepwise from low to high value 
by changing the current of said image-forming lens 
system stepwise, and second means for controlling said 
de?ectors in a manner to maximize the electron beam 
quantity detected by said phosphor plate in each of said 
magni?cation steps. 

4. An apparatus according to claim 2, wherein said 
adjusting means further includes third means for chang 
ing the magni?cation stepwise from low to high value 
by changing the current of said image-forming lens 
system stepwise and fourth means for causing said ?rst 
and second means to perform the control operation in 
each of said magni?cation steps. 

5. An apparatus according to claim 1, wherein said 
phosphor plate is divided into a plurality of sections 
from the central portion toward the peripheral portion 
thereof. 

6. An apparatus according to claim 5, wherein said 
sections of said phosphor plate are divided concentri 
cally. 

7. An apparatus according to claim 5, wherein each of 
said sections of said phosphor plate is connected to 
electron beam detector means through switch means. 

8. An apparatus according to claim 5, wherein said 
adjusting means includes ?rst means for enlarging the 
sections of the phosphor plate, progressively from the 
peripheral one, where the electron beam quantity ap 
plied is undetectable, and second means for controlling 
said de?ectors in a manner to maximize the electron 
beam quantity detected by said phosphor plate in each 
of said enlarging steps. 

9. An apparatus according to claim 8, wherein said 
second means includes third means for changing the 
current of the radiation lens system stepwise in a man 
ner to reduce stepwise the diameter of the electron 
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beam radiated on the specimen, and fourth means for 
controlling the de?ectors in a manner to maximize the 
electron beam quantity detected by said phosphor plate 
in each of said steps of electron beam diameter. 

10. An apparatus according to claim 8, wherein said 
adjusting means further includes third means for chang 
ing the magni?cation stepwise from low to high value 
by changing the current of said image-forming lens 
system stepwise, and fourth means for causing said ?rst 
and second means to perform the control operation in 
each of said magni?cation steps. 

11. An apparatus according to claim 9, wherein said 
adjusting means further includes ?fth means for chang 
ing the magni?cation stepwise from low to high value 
by changing the current of said image-forming lens 
system stepwise, and sixth means for causing said ?rst 
and fourth means to perform the control operation in 
each of said magni?cation steps. 
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12. A method of adjusting the optical axis of the 

elctron microscope, comprising: 
the ?rst step for detecting the electron beam quantity 

radiated on a phosphor plate; 
the second step for adjusting the optical axis of the 

elctron beam by electron beam de?ectors so as to 
maximize the detected electron beam quantity radi 
ated on the phosphor plate; 

the third step for changing at least one of the con 
densing amount, the magni?cation amount, and the 
area of the phosphor plate of the electron beam 
optical system stepwise in such a direction as to 
permit the optical axis adjustment of the electron 
beam with higher accuracy; 

the fourth step for causing said ?rst and second steps 
to be executed in each stage changed by said third 
step; and 

the ?fth step for completing the optical axis adjust 
ment when said third step reaches the ?nal stage. 

* * * * * 


